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Physical activity levels in patients on hemodialysis and healthy It has long been known that patients on dialysis are
sedentary controls. debilitated [1, 2] and report low levels of physical func-
Background. Patients on dialysis have reduced exercise tol- tioning on questionnaires [3]. Anemia was believed toerance compared with age-matched sedentary controls. The
be an important reason for the reduced functional capac-reasons for this debility have not been fully elucidated, but
ity of these patients, and improvements were noted afterphysical inactivity could be a contributing factor. The purpose
of the current study was to determine whether patients on the introduction of recombinant erythropoietin [4, 5].
hemodialysis are less active than healthy sedentary controls However, erythropoietin treatment does not restore ex-
and to explore clinical correlates of physical activity level in a
ercise capacity to normal levels in dialysis patients [6–8].group of hemodialysis patients.
It is now apparent that a muscle defect accounts for atMethods. Thirty-four hemodialysis patients and 80 healthy
sedentary individuals participated in the study. Physical activity least a part of the reduced physical functioning in this
was measured for seven days with a three-dimensional acceler- group [9, 10]. The exact nature of the muscle defect is
ometer and with an activity questionnaire. not clear, but morphologic studies have shown changes
Results. Vector magnitude values from the accelerometer
in uremic muscle that are consistent with atrophy [9, 11].for the dialysis and control subjects were 104,718 6 9631 and
Inactivity is a common cause of muscle atrophy and161,255 6 6792 arbitrary units per day, respectively (P , 0.0001,
mean 6 SEM). The estimated energy expenditure values de- could be a contributing factor to the muscle abnormali-
rived from the questionnaire were 33.6 6 0.5 kcal/kg/day and ties and reduced functional status of the dialysis popula-
36.2 6 0.5 kcal/kg/day (P 5 0.002). The difference between tion. Alternatively, uremia itself or hormonal abnormali-patients on dialysis and controls increased with advancing age.
ties associated with uremia, such as hyperparathyroidismAmong the dialysis subjects, some measures of nutritional sta-
tus correlated with physical activity level, including serum albu- or resistance to growth hormone, may result in muscle
min concentration (r 5 0.58, P 5 0.003), serum creatinine atrophy and may thus contribute to inactivity. However,
concentration (r 5 0.37, P 5 0.03), and phase angle derived few studies of physical activity have been performed in
from bioelectrical impedance analysis (r 5 0.40, P 5 0.02).
the end-stage renal disease (ESRD) population. Infor-Conclusions. Patients on hemodialysis are less active than
mation about physical activity levels could be importanthealthy sedentary controls, and this difference is more pro-
nounced among older individuals. There is an association be- for identifying patients in need of physical therapy or
tween the level of physical activity and nutritional status among other interventions designed to increase mobility. More-
patients on dialysis. These findings are of great concern, given over, if levels of physical activity are low in dialysis pa-the trend toward increasing age in incident dialysis patients and
tients or in a subset of patients, raising activity levelsthe well-known association between inactivity and increased
mortality in the general population. could be beneficial since it is well established that in-
creasing physical activity reduces the risk of cardiovascu-
lar disease in the general population [12].
The major goals of the study were to measure physical
activity levels in patients on dialysis and to compare
these levels with healthy sedentary controls. We alsoKey words: end-stage renal disease, exercise, mortality and physical
inactivity, dialysis, nutrition, uremic muscle. aimed to explore clinical predictors of physical activity
in patients with ESRD. We hypothesized that patients onReceived for publication September 28, 1999
dialysis would demonstrate low levels of physical activity,and in revised form November 29, 1999
Accepted for publication December 20, 1999 even in comparison with sedentary non-ESRD popula-
tions. We also hypothesized that physical activity wouldÓ 2000 by the International Society of Nephrology
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be directly related to the patients’ nutritional status (as were returned after seven days. Prior to analysis, the
accelerometer data and diaries were inspected to ensureindicated by laboratory surrogates, such as serum albu-
min and creatinine concentrations) and body composi- that there were no obvious errors (for example, failure to
acquire data and forgetting to wear the accelerometer).tion [for example, lean body mass by dual-energy x-ray
absorptiometry (DXA)]. Days with missing accelerometry data were not included
in the calculations, and subjects with fewer than five
days of analyzable data were not included in the analysis
METHODS
because recent reports suggest that variability increases
Study subjects when data are collected over fewer than five days (ab-
stract; Gretebeck, Med Sci Sports Exerc 23:S601, 1991).Thirty-four men and women undergoing hemodialysis
at the outpatient hemodialysis units at San Francisco The vector magnitude data were summed over the period
and expressed as a daily average (arbitrary units).General Hospital and UCSF-Mount Zion Medical Cen-
ter were recruited for study participation. Subjects living Questionnaire. The seven-day recall questionnaire
(7-d RQ) is a self-reported recall questionnaire [19, 20],in a nursing home and subjects hospitalized within the
three months prior to study enrollment were excluded administered by an interviewer, that collects information
about the time spent performing various levels of activityfrom participation. The physical activity level was not a
criterion for inclusion or exclusion of the dialysis partici- during the previous seven days. A metabolic equivalent
(MET) value is assigned to sleep and four levels of physi-pants. Eighty healthy sedentary controls were recruited
from the community. These subjects were classified as cal activity (light, moderate, hard, and very hard). Caloric
expenditure is then estimated from the MET valuessedentary based on self-reported participation in no
more than one formal exercise session per week for at [19, 20]. Thus, physical activity estimated with this instru-
ment is reported as kcal/kg/day. This questionnaire hasleast the previous three months. However, subjects were
required to be generally healthy with no physical limita- been validated against a variety of other techniques,
including doubly labeled water [21], heart rate monitor-tions to activity and no medical diagnoses limiting recom-
mended activity. Portions of the control data have been ing [20, 22], changes in maximal oxygen uptake [20], and
accelerometry [18, 23].reported previously [13, 14]. All subjects gave informed
consent for study participation, and the study was ap- Other measurements. Hemodialysis patients under-
went evaluation in the General Clinical Research Centerproved by the Committee on Human Research at the
University of California, San Francisco, USA. at San Francisco General Hospital on a nondialysis day
not more than 24 hours after a dialysis session. Evalua-
Study measurements tion included a review of recent (within four weeks)
blood tests, including predialysis blood urea nitrogenAccelerometry. The TriTrac-R3D (Professional Prod-
ucts, Madison, WI, USA) activity monitor was used to (BUN), creatinine, albumin, cholesterol, ferritin, and he-
matocrit. In addition, patients underwent body composi-measure activity in all subjects. The TriTrac is a battery-
powered, three-dimensional accelerometer and repre- tion testing using a single-frequency bioelectrical imped-
ance analysis (BIA; RJL Systems, Clinton Twp., MI,sents the latest generation of motion detectors. The in-
strument is worn around the waist and measures motion USA) and dual-energy x-ray absorptiometry (DXA; Lu-
nar, Madison, WI, USA). The phase angle was calculatedas acceleration of the body. The frequency, duration, and
intensity of movement are reflected in the instrument’s from BIA data as the arctangent of the ratio of resistance
to reactance multiplied by a constant to convert radiansoutput [15]. Data can be expressed in “raw units” of
integrated acceleration in the x, y, or z axis or as a net to degrees.
vector magnitude. Validity for this and similar instru-
Statistical analysisments has been reported recently [15–18].
The TriTrac data were acquired continuously and av- Group data are presented as mean 6 SEM, unless
otherwise noted. Baseline characteristics of patients oneraged over one-minute periods as described previously
[13]. Subjects were instructed to wear the accelerometer hemodialysis and control subjects were compared using
t-tests and chi-square testing where appropriate. Differ-continuously during waking hours for seven days, except
when it would become wet, such as during bathing or ences between dialysis patients and controls in accelero-
metry and questionnaire data were analyzed by unpairedswimming. To ensure that measurement periods were
typical of weekly activity patterns, data were not ac- t-test and by forward stepwise multivariable linear regres-
sion analysis. Candidate covariates included in the regres-quired during holidays, vacations, or periods of acute
illness. Subjects were asked to maintain their typical sion model were age, body mass index (BMI; kg/m2), gen-
der, dialysis status, number of comorbid conditions, andweekly schedules. They were also instructed to keep a
simple activity diary that was used as a qualitative control interaction terms for dialysis and age and dialysis and
BMI. Squared terms for age and BMI were also includedfor the accelerometer. The activity monitor and diaries
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Table 1. Characteristics of study subjects
Dialysis subjects Control subjects
Characteristic N 5 34 N 5 80
Age years 51.563.0 50.662.2
(range) (22–87) (25–83)
Gender M/F 22/12 36/44
Weight kg 70.162.5 72.261.9
Body mass index kg/m2 25.760.8 24.960.6
Kt/V 1.360.06
Dialysis duration years 2.460.4
nPCR g/kg/day 1.060.05
Predialysis BUN mg/dL 67.962.6
Predialysis creatinine mg/dL 9.860.6
Calcium mg/dL 8.960.2
Phosphorus mg/dL 6.160.4
Interdialytic weight gain kg 3.560.1
Abbreviations are: nPCR, protein catabolic rate normalized to body weight;
BUN, blood urea nitrogen. Fig. 1. Daily physical activity levels by accelerometry. Symbols are:
(s) dialysis subjects (N 5 34); (n) healthy control subjects (N 5 80);
the bars denote average values for each group.
as candidate covariates to allow for the possibility of a
nonlinear relationship between these variables and phys-
ical activity. The results of accelerometry and activity
questionnaires were compared using the Pearson prod-
uct-moment correlation. Univariate and multivariable
analyses were also used to assess the relationship be-
tween activity level and clinical variables in patients on
dialysis. Statistical significance for all analyses was estab-
lished when a two-tailed P value was less than 0.05. All
analyses were performed using STATISTICA software
(StatSoft Inc., Tulsa, OK, USA).
RESULTS
Characteristics of study subjects are presented in Ta-
Fig. 2. Estimated daily energy expenditure by questionnaire. Symbolsble 1. There were no statistically significant differences
are: (s) dialysis subjects (N 5 26); (n) healthy control subjects (N 5in gender distribution or in average age or BMI between 55). The bars denote average values for each group.
the groups. Dialysis patients received dialysis three times
weekly using polysulfone dialyzers and bicarbonate dial-
ysate. Thirty patients (88%) had hypertension. Eleven
(32%) had diabetes. Six (18%) had known coronary ity as well (33.6 6 0.5 kcal/kg/day vs. 36.2 6 0.5 kcal/kg/
day, P 5 0.002; Fig. 2). There was a significant correlationartery disease. Two (6%) had a history of stroke, and
three (9%) had a history of peripheral vascular disease. between the results of the 7-d RQ and of accelerometry
in the hemodialysis patients (r 5 0.57, P 5 0.002). ThePatients had an average Kt/V of 1.3 6 0.06 and had been
on dialysis for an average of 2.4 6 0.4 years. correlation was weaker in control subjects and did not
reach statistical significance (r 5 0.23, P 5 0.09). In bothThe raw accelerometry results are shown in Figure 1.
The average vector magnitude in the dialysis subjects groups, the range was narrower for the 7-d RQ than for
accelerometry (Fig. 2).was 104,718 6 9631 compared with 161,255 6 6792 for
the controls (P , 0.0001). Thus, patients on dialysis are Figure 1 shows that there is substantial variability in
activity levels in both groups and a considerable overlapapproximately 35% less active than sedentary healthy
individuals (95% CI, 20 to 50%). Exclusion of dialysis among the members of the dialysis group and the control
subjects. The overlap in activity levels between groupssubjects with history of stroke or peripheral vascular
disease or exclusion of those with diabetes does not alter reflects primarily the wide age ranges in each group, with
some young hemodialysis patients being more activethese results substantively.
Twenty-six dialysis patients and 55 controls also com- than older sedentary controls (data not shown). To char-
acterize further the difference between the groups and topleted the 7-d RQ. The dialysis patients’ scores were
significantly lower than controls on this measure of activ- determine the predictors of activity level, multivariable
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Table 3. Univariate correlations with physical activity byTable 2. Results of multivariable linear regression analysis of
predictors of physical activity by accelerometry for all subjects accelerometry in patients on dialysis
Variable r P valueVariable Coefficient P value
Age2 252.5 0.007 Age years 20.65 ,0.0001
Albumin mg/dL 0.58 0.003HD*age 21675.8 0.008
Age years 4882.2 0.02 Phase angle (BIA) degrees 0.40 0.02
Serum creatinine mg/dL 0.37 0.03Gender 14833.5 0.15
HD 23202.8 0.49 BMI kg/m2 20.25 0.16
Lean body mass (DXA) 0.19 0.28BMI 21835.6 0.74
BMI2 25.1 0.95 Hematocrit % 20.14 0.43
Ferritin mg/dL 0.10 0.59Abbreviations are: HD, hemodialysis; BMI, body mass index. HD is coded
BUN mg/dL 20.06 0.72as zero for a control subject and one for a hemodialysis subject. Gender is coded
Kt/V 20.02 0.92as zero for female, one for male. The overall r for the model is 0.61 (r 2 5 0.37).
Abbreviations are: BIA, bioelectrical impedance analysis; BUN, blood urea
nitrogen; DXA, dual-energy x-ray absorptiometry.
Table 4. Results of multivariate linear regression analysis of
predictors of physical activity by accelerometry patients on dialysis
Variable Coefficient P value
BMI kg/m2 25247.7 ,0.0001
Age years 21526.8 0.0002
Albumin g/dL 62709.1 0.0004
LBM kg 1337.9 0.012
Hematocrit % 23090.3 0.018
Cholesterol mg/dL 292.7 0.053
Kt/V 34182.5 0.078
Ferritin lg/L 9.9 0.19
Abbreviations are: BMI, body mass index; LBM, lean body mass by dual-
energy x-ray absorptiometry. The overall r for the model is 0.89 (r 2 5 0.80).
Fig. 3. Estimated effects of age and dialysis status on physical activity The coefficients represent the change in activity level per unit change in the
level. Each curve represents the activity level predicted by the multivari- variable. For example, according to the linear regression analysis, there is a 1526
able regression analysis for a male with a BMI of 23 kg/m2. Symbols arbitrary unit decrease in physical activity per year of age. Similarly, the decrease
in activity corresponding to a 1 kg/m2 increase in BMI is 25248 arbitrary units.are: (d) predicted activity for a hemodialysis patient; (m) predicted
activity for a healthy sedentary control.
sis patients included serum albumin concentration (r 5regression analysis was performed for the pooled hemo-
0.58, P 5 0.003), phase angle (r 5 0.40, P 5 0.02), anddialysis and control groups using accelerometry results
serum creatinine concentration (r 5 0.37, P 5 0.03). Ofas the dependent variable. Results are shown in Table 2.
note, there was no significant association between theIn our analysis, the dialysis–age interaction term, age,
activity level and BMI, predialysis BUN, Kt/V, ferritin,and (age)2 were important predictors of activity level,
hematocrit, or lean body mass measured by DXA. Onas measured by accelerometry. Overall, activity levels
multivariable analysis, the significant predictors of activ-declined with age, but this decline was considerably more
rapid for patients on dialysis than for sedentary controls. ity level included BMI, age, albumin, hematocrit, and
Figure 3 illustrates this interaction between age and dial- lean body mass by DXA (Table 4). In addition, there
ysis using a male with a BMI of 23 kg/m2 as an example. was a trend toward an association of cholesterol and
At age 30, predicted activity would be 15% lower for a Kt/V with physical activity in the multivariable analysis.
patient with these characteristics on dialysis than for a
sedentary healthy subject. However, at age 70, a man
DISCUSSIONon dialysis would be predicted to be 57% less active than
The results of this study demonstrate that hemodialy-a sedentary man without ESRD.
sis patients are less active than healthy sedentary individ-To further examine the predictors of physical activity
uals. The difference in activity levels between hemodialy-level among the patients on dialysis, univariate and
sis patients and healthy sedentary controls is robust andmultivariable regression analyses were performed, and
can be detected by accelerometry and by questionnaire.the results are displayed in Tables 3 and 4, respectively.
While it may not seem surprising that dialysis patientsOn univariate analysis, the physical activity level was
are more sedentary than healthy controls, several pointsinversely correlated with age. Additional variables that
were associated with physical activity level in hemodialy- deserve emphasis. First, the control group is a sedentary
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control group rather than an active group or even a group patients may reduce their levels of physical activity dur-
ing the pre-ESRD phase of renal failure because of thechosen without regard to activity level. Second, the dif-
ference between dialysis patients and controls increases effects of uremia on muscle function and fatigue, and
may not increase activity back to baseline levels afterwith advancing age. Since the average age at initiation
of dialysis has been steadily increasing in recent years dialysis is initiated. Alternatively, the dialysis procedure
itself could contribute to low levels of physical activity(now .61 years of age), the “activity gap” between he-
modialysis patients and healthy sedentary persons may since many patients complain of fatigue following dial-
ysis sessions. It is possible that comorbid conditions re-be widening. Finally, several indices of nutritional status
correlate with physical activity among patients on dialysis. sult in inactivity in patients on dialysis. However, since
the number of comorbid conditions did not enter intoThe use of accelerometers to measure physical activity
in this population is novel. Accelerometer output pro- the model as a predictor of activity either in the com-
bined group or in the group of dialysis patients, this isvides an objective means of recording physical activity
under usual living conditions. However, there are some unlikely to fully explain the lower level of physical activ-
ity in the dialysis patients. Finally, inactivity in hemodial-limitations to the use of accelerometry. First, accelerom-
eters cannot be used to measure activity during swim- ysis patients could be related to other factors such as
anemia, bone disease, or nutritional status.ming or bathing. Second, subjects may not remember to
wear the accelerometer on some days during the obser- The dialysis patients’ physical activity level was associ-
ated with several nutritional markers, including serumvation period. Fortunately, the use of activity logs and
an examination of accelerometer output allow detection albumin concentration, serum creatinine concentration,
and phase angle in univariate analysis, and serum albu-of this problem when it occurs. A third limitation relates
to the use of accelerometer data to estimate energy ex- min concentration and lean body mass in multivariable
analysis. The relationship between serum albumin andpenditure. While the correlation between three-dimen-
sional accelerometer output and energy expenditure has activity level was particularly strong and was present
even after adjustment for age, BMI, and other covariates.been reported to be high [16], accelerometers may under-
estimate energy expenditure during certain activities The association between activity level and these markers
of nutritional status is especially interesting since lowsuch as walking or running on a grade or walking while
carrying heavy objects [16]. In addition, the equations albumin, low creatinine, and low phase angle have all
been associated with increased mortality in the dialysisused to estimate energy expenditure were derived from
young healthy volunteers and did not include patients population [24, 25], and low physical activity is associated
with increased mortality in the general population [12].with ESRD. For these reasons, the direct accelerometer
output was reported in this study rather than the esti- It is possible that poor nutritional status leads to higher
mortality at least partly via reductions in physical activitymated energy expenditure.
The results of the 7-d RQ further highlight the use- level. On the other hand, reduced physical activity and
evidence of poor nutritional status both may be markersfulness of accelerometry and suggest a need for special-
ized activity questionnaires for use in inactive popula- of a generally less healthy state that leads to higher
mortality.tions. Generic activity questionnaires such as the 7-d RQ
are designed for use in healthy populations and may Further support for the influence of nutrition on physi-
cal activity in patients on dialysis may come from the lackbe less sensitive to differences at the lower end of the
spectrum of activity. Specifically, the 7-d RQ does not of a significant association between BMI and physical
activity in univariate analysis despite the highly signifi-record directly the amount of time spent performing
light activity such as housework. Instead, all time not cant negative association after adjustment for nutritional
variables. This discrepancy raises the possibility thatspent sleeping or performing activity of higher intensity
is recorded as time spent performing light activity. This there are competing associations between BMI and phys-
ical activity among patients on dialysis. Reduced physicalmethod of scoring might blur distinctions between rela-
tively inactive groups since different levels of light activ- activity is associated with increased BMI (and increased
body fat), as shown by the strong negative associationity (for example, light housework vs. sitting activities)
cannot be distinguished. The distribution of results in in multivariable analysis. However, high BMI may also
reflect better nutritional status and increased lean bodyFigure 2 supports this potential “floor effect,” since many
patients and control subjects cluster at the low end of mass, which could, in turn, lead to increased physical
activity. The influence of nutrition on BMI may thereforethe range of responses.
There are many potential causes of reduced physical have weakened the association between BMI and physi-
cal activity in univariate analysis, because there was noactivity in patients on dialysis. Decreased physical activ-
ity could be a consequence of uremia, but the lack of a adjustment for nutritional status. This potential explana-
tion is compatible with recent reports that increased BMIsignificant association between activity level and Kt/V
makes uremia alone a less likely explanation. However, is associated with improved survival in patients on dial-
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predicts continued survival, hospitalization, and dialysis-atten-ysis [26], and could be an indication of the importance
dance compliance. Am J Kidney Dis 30:204–212, 1997
of nutrition in determining the physical activity level in 4. Evans R, Rader B, Manninen D, Cooperative Multicenter EPO
this group. Clinical Trial Group: The quality of life of hemodialysis recipi-
ents treated with recombinant human erythropoietin. JAMAWhatever the cause of inactivity in patients on dialysis,
263:825–830, 1990
there is reason for concern about the low level of physical 5. Lundin A, Akerman M, Chasler R, Delano B, Goldberg N,
activity demonstrated in this study. The consequences Stein R: Exercise in hemodialysis patients after treatment with
recombinant human erythropoietin. Nephron 58:315–319, 1991of reduced physical activity include an increased risk of
6. Mayer G, Thum J, Cada E, Stummvoll H, Graf H: Workinghypertension and diabetes as well as poorer control of capacity is increased following recombinant human erythropoietin
these diseases when present, an effect that may be more treatment. Kidney Int 23:525–528, 1988
7. Painter P, Moore G: The impact of recombinant human erythro-relevant to the dialysis population [12]. In addition, inac-
poietin on exercise capacity in hemodialysis patients. Adv Rentivity is associated with increased cardiovascular and all- Replace Ther 1:55–65, 1994
cause mortality in the general population [12]. Given the 8. Robertson H, Haley N, Guthrie M, Cardenas D, Eschbach J,
Adamson J: Recombinant erythropoietin improves exercise capac-high prevalence of hypertension and diabetes and the
ity in anemic hemodialysis patients. Am J Kidney Dis 15:325–332,high cardiovascular mortality in the dialysis population, 1990
it is possible that interventions designed to increase phys- 9. Diesel W, Knight B, Noakes T, Swanepoel C, Smit R, Kaschula
R, Sinclair-Smith C: Morphologic features of the myopathy associ-ical activity levels in patients on dialysis might result in
ated with chronic renal failure. Am J Kidney Dis 22:677–684, 1993reduced morbidity or mortality in this group. In fact, 10. Moore G, Parsons D, Stray-Gundersen J, Painter P, Brinker
some studies have reported improved blood pressure K, Mitchell J: Uremic myopathy limits aerobic capacity in hemo-
dialysis patients. Am J Kidney Dis 22:277–287, 1993control as a result of aerobic exercise training in patients
11. Kouidi E, Albani M, Natsis K, Megalopoulos A, Gigis P, Guiba-on dialysis [27, 28]. Increasing physical activity in the Tziampiri O, Tourkantonis A, Deligiannis A: The effects of
dialysis population could also result in improved physical exercise training on muscle atrophy in haemodialysis patients.
Nephrol Dial Transplant 13:685–699, 1998functioning and rehabilitation. Since physical function-
12. Office of the US Surgeon General: Physical Activity and Health:ing has been identified as an important determinant of A Report of the Surgeon General. Washington D.C., US Depart-
quality of life [29], improvements in physical functioning ment of Health and Human Services, Public Health Service, 1996
13. Ng A, Kent-Braun J: Quantitation of lower physical activity incould translate, in turn, to an enhanced quality of life.
persons with multiple sclerosis. Med Sci Sports Exerc 29:517–523,To our knowledge, this study is the first to objectively
1997
quantitate physical activity levels in patients receiving 14. Kent-Braun J, Ng A, Castro M, Dudley G, Miller R: Strength,
skeletal muscle composition and enzyme activity in multiple sclero-hemodialysis. The results show that activity levels are
sis. J Appl Physiol 83:1998–2004, 1997extremely low, especially in view of the relatively low
15. Meijer G, Westerterp K, Verhoeven P, Koper H, Hoor FT:
quality of life and high mortality in this group. Interven- Methods to assess physical activity with special reference to motion
sensors and accelerometers. IEEE Trans Biomed Eng 38:221–229,tions geared toward increasing physical activity in dial-
1991ysis patients, such as referral for physical therapy evalua-
16. Bouten C, Westerterp K, Verduin M, Janssen J: Assessment of
tion or intradialytic exercise programs, have the potential energy expenditure for physical activity using a triaxial accelerome-
to be of great benefit and should be formally studied in ter. Med Sci Sports Exerc 26:1516–1523, 1994
17. Nichols J, Morgan C, Sarkin J, Sallis J, Calfas KJ: Validity,prospective clinical trials.
reliability, and calibration of the Tritrac accelerometer as a mea-
sure of physical activity. Med Sci Sports Exerc 31:908–912, 1999
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